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m  SPACE  RADIATION  ENVZRONKKNT  AT  840  IN 

E.G.  Mullen,  M.S.  Gusaenhoven  and  D.A.  Hardy 
Air  Porca  Caophyaica  Laboratory!  Hanacoa  APB,  HA  01731 


ABSTRACT 

Tha  Dafanaa  Hataorolo|ical  Satalllta  Program  (DHSP)  P7  satellite,  launched  In  November, 

1983,  carrtaa  a  dosimeter  provldad  by  tha  Air.  Forca  Caophyaica  Laboratory.  Tha  dosimeter  uaaa 
planar  aillcon  datactora  bahlnd  four  thicknesses  of  aluminum  ahialdlng  to  aMaaure  both  radiation 
doaa  and  high  anargy  parttcla  fluxai  In  tha  apaca  radiation  anviromaant  at  840  km.  Energy 
thraaholda  In  tha  datactora  ara  aat  to  dlatingulah  low  (alactron),  high  (proton),  and  vary  high 
( >40  MeV)  anargy  partlcla  dapoaitlona.  Tha  doalmatar  ratuma  accurate,  hLgh-time-reaolut ion  doaa 
•taaauraaanta.  Map*  of  tha  radiation  doaa  (alactron  and  proton)  at  840  ka  ara  praaantad  and 
compared  to  tha  NASA  modal*.  Map*  of  tha  vary  high  anargy  dapoalta  which  can  produce  Single 
Event  Upsets  (SEUa)  In  microelectronic  component*  ara  alao  praaantad.  Charactarlatlca  of 
energetic  particle#  that  enter  tha  polar  cap  region#  during  aolar  particle  avanta  ara  dlacuaaad 
and  compared  to  Inner  bait  proton  and  coamlc  ray  background  levels.  Included  la  an  analyali  of 
two  of  tha  largaat  aolar  proton  avanta  alnca  launch  of  tha  aataillta,  those  of  16  February,  1984, 
and  26  April,  1984, 


I.  INTRODUCTION 


A  aanaltlva  volume  In  living  tiaaua  can  be  affected  by  anargy  deposition  from  hlgh-anerty 
particles  to  such  a  degree  that  a  parson's  performance  can  be  degraded  or  Impaired.  As  such 
aatell Ite-bome  human*  are  aubject  to  radiation  affects  as  they  are  carried  through  naturally 
occurring  or  artlf ic tally-produced  regions  of  radiation  In  space.  Tha  effects  can  be  produced  in 
three  general  ways,  by  total  doaa,  doaa  rate,  end  single  event  upaeta  (SEUa).  As  tha  frequency 
and  duration  of  aiannad  space  flights  increase,  we  need  to  Impravm  our  ability  to  prod  lot  and 
modal  the  apace  radiation  environment  to  aneure  tha  safety  and  maintain  tha  performance  capabili¬ 
ties  of  tha  craw  manbera. 

Thera  ara  essentially  three  near-Earth  radiation  regional  a)  the  Inner  radiation  bait  region 
populated  mainly  by  atably* trapped  high  energy  protonai  b)  tha  outer  radiation  belt  region 
populated  mainly  by  trapped,  but  highly  variable  fluxes  of  electrons!  and  c)  tha  polar  regions 
populated  mainly  by  steady  galactic  coamlc  ray*  and  infrequent  but  high  Intensity  solar  proton 
event  particles.  Low  altitude  vehicles  In  high  inclination  orblta  encounter  parts  of  all  tha 
various  radiation  environments,  the  extent  depending  on  the  altitude  of  the  satellite. 


Fix,  1.  Schematic  diagram  of  tha  DHSP 
polar  orbit  passing  through  the  low 
altitude  extensions  of  the  major  radia¬ 
tion  regions.  Tha  shading  coda  for  tha 
various  regions  la  given  on  the  right. 


60- 


PROTONS.  INNER 
ZONE  ELECTRONS 


COSMIC  RAYS 


DHSP/F7  is  a  three-axle  stabilised  satellite  in  a  sun -synchronous  orbit  whoa#  orbital  plena 
la  tha  1030-2230  local  time  meridian.  The  apacecreft  altitude  la  840  km.  Its  period  la  101 
minutes,  and  Its  Inclination  la  98.7*.  Flgura  1  schematically  Illustrates  the  three  high  energy 
particle  populations  aa  they  are  encountered  by  tha  DHSP  aataillta,  Tha  offset  of  tha  Earth's 
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dipole  Li  exaggerated  to  illustrate  the  low-altitude  extension  of  the  proton  Iwlu.  The  stable 
inner  zone  proton  bolt  (cross-hatching)  reecho*  low  altitude*  in  tlui  region  of  the  South  At  lent  1c 
Anomaly  (SAA)  due  to  the  Earth's  offset  dipole.  The  SAA  1*  Halted  in  longitude  end  latitude, 
end  as  the  Earth  rotate*  underneeth  t tie  satellite,  approx imate ly  IU  ot  14  at'  the  dally  orbit* 
encounter  portion*  ot  the  SAA.  Tlie  outer  zone  electron*  (Jotted  region)  ere  luceted  in  two  high 
letitude  ring*  et  840  km,  one  in  eech  hemisphere.  The  outer  zone  tluzee  ere  highly  veriebie. 

The  polar  cepe  (hortzoutel  line*)  ere  region*  ot  direct  entry  tor  high  energy  particle*  boLh 
galactic  cosmic  cay*  end  *oler  particle*;  however,  under  certain  condition*.  Cite  higher  energy 
cosmic  ray*  and  *oiar  particle*  c«rt  punetrate  to  84U  km  at  any  latitude. 

Of  Lhe  three  region*  of  high  energy  per  tide*,  two  are  con*idwred  most  hazardou*  to  mail. 

They  ere  the  SAA  and  III*  polar  region*  during  *olar  particle  event*.  Significant  du*e  in  tlt«*e 
region*  1*  produced  by  liigh-unergy  protun*  end  Iteavy  lun*,  which  ate  dltllcult,  or  i*>po**iblu,  to 
*hleld.  The  ouLur  zone  electron*  are  lower  in  energy  and  can  be  effectively  *hieldud;  however, 
they  ere  highly  veriebie  in  intanslty  end  can  produce  hazardou*  du*e  rate*  behind  minimal 
shielding,  such  a*  would  be  the  ca*e  for  an  e*tronauL  only  protected  by  a  *pace  *ult.  The  human 
eltect*  ot  tlie  higher  energy  heavy  ion  particle*  are  not  yet  fully  under*tood,  although  it  i* 
known  that  they  can  produce  light  fLa*hu*  In  Lite  eye*  and  nay  be  able  to  up*ut  certain  brain 
function*,  similar  to  a  StU  in  a  micro* luctronic  chip. 

The  DHSi*  do* imater  1*  extremely  versatile,  returning  Information  on  electron  and  proton 
do*e,  electron  end  proton  flux,  and  nuclear  *tar  event*,  all  with  4  *econd  line  re*olution  and  in 
4  integral  energy  *tep».  It  l*  our  intention  here  to  *how  the  versatility  of  the  in*truaent,  and 
to  pre*unt  ru*ults  from  the  major  analyst*  effort*  undertaken  to  date  u*ing  Lhe  dohiiuuLer  data. 
These  eftort*  include  both  short-term  and  empirical  model  re*ult»  of  du*e  end  puclear  *Lar 
event*,  a*  well  a*  case  studies  ol  major  tolar  particle  event*.  The  do*e  model  re*ult*  are 
compared  to  tlui  NASA  model  prediction*.  Thu  *hoit-term  re*ult*  are  pie*ented  to  indicate  the 
range  over  which  the  environment  can  Jovial*  from  the  model*  l both  our*  and  NASA*),  and  where  Llie 
deviation*  are  likely  to  be  must  important.  because  of  the  capability  of  the  do*imeler,  we  are 
able  to  present  our  dtrvCL  do«*  «n<)  do»«  rate  sieesurement  *  separately  for  electron*  and  protun*. 

H.  SSJ»  INSTKUHKHT  DKSCKIFTIOM 

The  DMSP/F7  dosimeter  mea*ure*  the  radiation  do*«  from  both  electron*  and  proton*  occurring 
behind  four  different  thickness**  of  aluminum  khielding.  Additionally,  Information  1*  provided 
on  the  differential  and  integral  fluxes  ot  electron*  and  proton*  *L  energies  above  the  threshold* 
defined  by  the  shield*,  and  on  the  number  of  nuclear  *tar  event*  in  each  detector.  Tit*  basic 
measurement  technique  is  Lite  determination  of  the  amount  of  energy  deposited  in  a  simple  solid* 
state  detector  from  particle*  with  sufficient  energy  to  peuetraLe  the  shielding.  A  iowet  limit 
cutoff  of  50  keV  1*  *et  for  measuring  energy  deposition  in  each  detector.  Each  of  the  four 
detector*  i*  mounted  behind  a  hemispheric  aluminum  shield.  The  aluminum  shield*  are  chosen  to 
provide  electron  energy  threshold*  for  the  four  *en*or«  of  1,  2.5,  5,  arid  10  HcV,  and  for  protons 
of  20,  35,  51,  and  75  MeV.  The  1  HuV  threshold  sensor  ha*  a  detector  *ree  of  .0S1  cm*,  and  lIm 
remaining  three  each  have  area*  of  1.00  c*‘.  Particle*  that  punetrate  tlie  shield  and  brums' 
slrahluitg  produced  in  the  shield  will  deposit  energy  in  the  device  producing  a  charge  puls*.  The 
cliarg*  pulse  is  sltaped  and  amplified.  The  pulse  huight  is  proportional  to  the  energy  deposition 
in  the  detector,  and  the  dose  is  proportional  to  the  sum  of  tlui  pulse  heights. 

Energy  deposition*  in  the  range  butweeu  50  keV  and  1  MeV  are  used  to  calculate  the  low 
linear  energy  transfer  (LQLET)  do*u;  depositions  between  1  MeV  and  10  MeV  provide  the  high 
linear  energy  transfer  (H1LET)  dose;  energy  depusltiuns  above  75  MeV  in  detector  1  and  abov*  40 
MeV  in  detector*  I,  2,  and  4  are  counted  a*  very  high  linear  energy  transfer  (VHLET)  events.  The 
LOLKT  dose  (which  we  will  call  electron  dose  below)  results  primarily  from  electrons,  high  energy 
protons  (above  approx  imaiely  100  KeV  incident),  and  bremsstrahiung.  Tlie  Hi  LET  dose  (which  w« 
will  call  proton  dose  below)  comes  primarily  from  protons  below  about  100  MeV  incident  and  above 
tlie  dome  threshold  for  each  detector.  The  integral  flux  is  proportional  to  the  number  of  energy 
depositions  counted.  The  VHLET  count*  (which  we  will  call  "star  counts"  below)  come  from  a.) 
high  energy  nuclear  (mostly  proton  induced)  interactions  inside  and  /or  near  the  sensitive  device, 
volume,  b. )  direct  energy  deposition  by  heavier  cosmic  rays,  or  c.)  direct  energy  deposition  by 
proton*  that  have  long  path  lengths  in  the  detectors.  These  will  be  referred  to  respectively  ax 
a.)  nuclear  stars,  b. )  cosmic  ray  events  and  c.)  direct  deposit  proton  events  below.  (The  'star* 


DHSP/P7  J*  OOSIHETEH  CHARACTERISTICS 
Dome  Aluminum  Dome  Threshold*  Detector 
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description  originally  comi  f ro«  the  array  of  emulsion  tracks  obsarvad  whan  a  high  anargy  proton 
intaracts  with  a  nucleus  producing  sacondarlas  and  a  racoillng  fragMnt.)  Thus,  five  separata 
outputs  are  obtained  froM  each  of  the  four  hemispherlcally  shielded  detectors!  LDLET  (electron) 
dose,  LOLET  (electron)  flux,  HILET  (proton)  dose,  HI LET  (proton)  flux,  and  VHLET  flux  (star 
counts).  (A  complete  description  of  the  Instrument  can  be  found  In  Cussenhoven  at  al.‘)  A 
summery  of  the  detector  properties  end  their  shielding  Is  given  In  Table  1 ,  end  a  summary  of  the 
dome  shielding  effectiveness  for  protons  is  given  in  Table  2. 

TABLE  2 

DOHE  SHIELDING  EFFECTIVENESS  FOR  PROTONS 


INTERNAL  PROTON  EXTERNAL  PROTON  ENKRCT  (HeV) 


ENERGY  (HeV) 

DONE  _1 

DONE  2 

DONE  3 

DONE  * 

0 

20.0 

35.0 

51.0 

75.0 

8 

21.8 

37.0 

52.5 

75.2 

10 

23.* 

37.8 

53,0 

75.7 

20 

30.0 

*3.0 

56.8 

78.5 

*0 

*5.0 

55.0 

68.0 

B7.5 

100 

103.2 

110.0 

119.0 

124.2 

1000 

1001. 

1003. 

1005. 

1010. 

III.  DOSE  MEASUREMENTS  AND  HAPS 

During  quiet  times  when  there  ere  no  high  energy  solar  protons  present,  the  high  energy 
proton  fluxes  are  measured  by  DHSP/F7  dosimeter  only  In  the  SAA.  A  survey  of  the  satellite's 
dally  encounters  of  the  SAA  is  shown  in  Figure  2.  Hare  the  average  flux  count  rates  for  protons 
>75  HeV  are  plotted  as  s  function  of  universal  time  (UT)  in  hours  for  9  November  198*.  The 
averaging  interval  la  one  minute.  Each  spike  in  the  count  rate  indicates  the  crossing  of  a 
portion  of  the  SAA  as  the  Earth  rotatae  underneath  the  DMSP  orbit.  Between  each  crossing,  the 
satellite  passes  over  the  two  polar  caps  and  the  equatorial  region  opposite  the  SAA.  During 
these  intervals,  only  background  counts  are  detected.  Similar  spatial  distributions  occur  for 
the  lower  energy  proton  flux  counts  and  the  proton  dcee  counts. 


Proton  flux  counts  for  energies 
greater  than  75  HeV,  measured  by  DHSP  on 
9  November  198*  when  no  solar  event  was 
in  progress.  The  spikes  occur  during 
crossings  of  the  South  Atlantic  Anomaly. 


UNIVERSAL  TIME  (hrt) 

# 

The  depth-dose  spectre  for  the  electron,  proton  end  total  dose,  obtained  from  a  single 
traversal  through  the  heart  of  the  SAA  on  February  3,  1985,  are  given  in  Figure  3.  The  spectre 
ere  hard  (highly  energetic),  with  the  dose  decreasing  only  soarnwhat  more  than  a  factor  of  two 
over  the  entire  shielding  range  and  becoming  nearly  asymptotic  for  the  thickest  shielding.  The 
proton  dose  Is  approximately  twice  the  electron  dose.  The  total  dose  behind  the  thinnest  shield 
Is  .38  rad(Sl)  end  behind  the  thickest  shield  is  .17  red(Sl).  For  the  DHSP  satellite,  the  total 
dose  per  day  from  the  SAA  is  nearly  2  rad(Sl)  behind  the  thinnest  shield  and  1  red(Si)  behind  the 
thickest  shield. 

To  make  a  more  quantitative  satinets  of  the  dose  aceumulatad  per  day  from  the  SAA  we 
eonatructsd  an  ampirieal  DHSP  dose  rate  map  for  8*0  km  altitude.  Dose  count-rates  from  individ¬ 
ual  psssas  wera  accumulated  for  a  full  year  (from  1  November,  198*  to  31  October,  198S)  In  bins 
five  degrees  by  five  degrees  vide  in  corrected  geomagnetic  latitude  end  longitude  coordinates. 
Average  count  rates  ware  calculated  for  each  bln,  end  contours  of  constant  dose  drawn.  The  dose 
rate  map  for  the  >75  HeV  HlLKT  channel  (with  5.91  g/cm*  aluminum  shielding)  Is  shown  In  Figure 
t.  The  map  Is  In  corrected  geomagnetic  coordinates.  The  contours  are  in  rsd(Si)  per  day.  As 
can  be  seen,  the  only  signlf leant  proton  dose  occurs  In  the  SAA  where  the  contours  range  from  0.1 
to  10  rad(Si)  per  day. 
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¥ i n .  1 .  Dcpth-doso  spectrum  for  a 
DHSP/F?  crossing  ot  tha  heart  of  tha 
South  Atlantic  Anomaly  on  3  February, 

ms. 


ul 


Fiji,  4.  Contours  of  constant  do*a~ 
rata  for  tha  >  75  HaV  proton  dosa 
Jtttactor ,  plotted  In  corracted  geomag- 
nattc  latituda  and  longituda  coordlnatas. 


OlAMfCL  4  HILCT  OOSC  COKTOUHS 


MHO  0  W  WO 

GEQMAfiMCTlC  UONGlTuot 


The  outar  sona  alactrons  art  Mostly  found  at  magnetic  latltudas  between  5Q°  and  70°  at  840 
km.  Tha  astant  of  thus#  tones  is  itltown  in  Figura  5,  which  is  tha  DHSP  dose  rata  map  tor  electron 
dataccor  i  Uiahind  0.55  g/cm*  shielding).  Tha  outar  sona  alactron  dosa  is  vary  avldanc  and 
appear*  as  two  high  latitude  bands.  Ttm  SAA  is  also  apparwnt;  however,  in  thw  SAA  tha  dosa 
result*  from  a  combination  of  alactrons  above  threshold  anarglas  (>f  HaV)  and  protons  with  energy 
graatar  than  *'•100  HaV. 

To  show  how  tin*  DHSP  measured  dosa  comperes  with  tha  NASA  model  values,  Tabla  3  glvas  a 
listing  of  individual  day  and  yaarly  avaraga  proton  and  alactron  dosa/day  obtained  from  DHSP  and 
tha  NASA  modal  pradictlons  for  tha  same  orbit  for  both  solar  Maximum  and  solar  minimum  options. 
T)i#  first  thru#  maasurad  valuas  rasult  from  summing  tha  DHSP  do»a  counts  for  tha  three  individual 
days:  V  Novambar  IVU4,  26  Novambar  1SH4,  and  3  Pabruary  IVB5,  raspact ivaly.  Thara  w«ra  no  solar 
proton  avants  on  thasa  days.  Tlia  avaraga  DHSP  valuas  rasult  from  running  nina  succassiva  days  of 
DHSP/F7  orbits  through  tha  DHSP  dosa  rata  map  Valuas  and  taking  tha  avaraga  accumulation,  'flu* 
standard  dsvlation  variad  from  ±bZ  in  Lha  first  proton  datsctor  up  to  tkOX  in  tha  highast  anargy 
detector.  Tfie  standard  dsviatlunx  arm  1 1st  ad  Just  balow  tha  svaraga  DHSP  Valuas.  Similarly  tha 
DhSP/F?  satallita  orbit  was  run  through  spproprlata  NASA  radiation  bait  modals  for  solar  masisua 
and  solar  minimum  Conditions  with  tha  dosa  calculatad  at  tha  cantor  of  a  solid  aluminum  sphora  of 
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Fig.  5.  Contours  of  constant  dose- 
rat*  for  the  >1  M*V  electron  do** 
detector,  plotted  in  corrected  geo*«|* 
netic  latitude  end  longitude  coordinate*. 


owed  i  inter  roar  contosw 

(NOV  (964 -OCT  IMS) 


thickness  equal  to  the  DMSP  dosimeter  shielding  value*.  The  NASA  model  values  for  solar  minimum 
end  maximum  are  given  at  the  bottom  of  the  table.  (Details  of  the  NASA  models  can  be  found  in 
Slngley  and  Vette2,  Teague  and  Vette3,  and  Sawyer  and  Vette*,  and  probleam  associated  with 
radiation  belt  modelling  can  be  found  In  Vetta  at  al.  ) 


TABLE  3 


COMPARISON  OF  NASA  MODEL  ANP  DHSP  DOSE  VALUES 
PROTONS  ELECTRONS 


RAWS1  )/DAY 

RAW  St)/ DAY 

DETECTOR  NO 

1 

2 

3 

4 

1 

2 

3 

4 

DAY  11/09/84 

1?20 

o7«l 

0?63 

o74« 

iToi 

0?35 

0.28 

0727 

DAY  11/26/84 

1.22 

0.77 

0.57 

0.44 

13.02 

0.50 

0.27 

0.28 

DAY  2/03/85 

1.18 

0.80 

0.59 

0.46 

6.31 

0.35 

0.26 

0.26 

AVRRACE 

1.21 

0.83 

0.63 

0.49 

2.51 

0.34 

0.26 

0.27 

STANDARD  DEVIATION 

♦8X 

♦9X 

♦9X 

♦  10X 

♦2X 

♦9X 

♦9X 

♦9X 

NASA  SOUR  KIN 

1.28 

0.70 

0.49 

0.20 

10.83 

0.58 

0.03 

0.00 

NASA  SOUR  MAX 

0.89 

0.47 

0.33 

0.18 

11.62 

1.28 

0.07 

0.00 

SOUR  MIN  -  APRMIN,  ARSHIN,  AE17L0 
SOUR  HAX  -  APRMAX,  AE6MAX,  AE17HI 
NASA  MODEL  PROPAGATED  THROUGH  A  SOLID  ALUMINUM  SPHERE 

Por  the  proton  dose,  the  DMSP  Individual  day  and  DHSP  average  values  are  approslmataly  the 
same.  They  alt  agree  to  within  101,  which  la  the  sasw  variation  found  In  tha  day  to  day  orbital 
runa.  Thla  Indicates  that  the  proton  radiation  belts  ara  very  atable  over  the  one-year  duration 
of  the  date  acquisition,  as  espectad.  The  solar  minimum  NASA  model  values  when  compered  to  the 
neer-solar  minimum  DMSP  values  for  proton  dose  are  only  slightly  higher  for  the  thinnest  shield¬ 
ing  end  are  only  slightly  lower  for  the  resmtnlng  thicknesses.  The  agreement  Is  felt  to  be 
remarkably  good  given  the  differences  In  maasureaent  techniques  and  solar  cycles,  and  indicates 
the  long  term  stability  of  the  Inner  belt. 

Por  the  electron  dose,  the  directly  measured  dally  dose  varies  greatly,  from  1.6  to  more 
than  13  rad(St)  behind  the  thinnest  shielding.  Por  higher  shielding  the  dose  Is  relatively 
constant,  Tha  average  DMSP  model  value  ta  2.51  r ad(SI)  for  the  thinnest  shielding.  This 
indicates  the  high  variability  of  the  outar  aone  electrons,  over  time  periods  much  less  thsn  on* 
yesr.  Furthermore,  the  compsrlson  of  the  DHSP  model  end  NASA  sK>del  vslues  Is  poor.  The  dose 
calculated  for  the  DMSP  orbit  from  the  NASA  modela  la  hlghar  by  factors  of  A  and  1.8  for  Channels 
l  and  2,  respectively.  Por  the  laat  two  ehennels,  the  DMSP  direct Ly-meesured  and  amdei  electron 
dose  values  are  nearly  constant,  while  tha  NASA  modal  values  fall  to  zero.  This  behavior  results 
from  bremsstrahlung  effects  In  the  DHSP  amesured  values  which  would  not  be  predicted  from 
electron  fluence  In  the  NASA  model  values.  While  it  is  possible  that  on  occasion  (i.a.,  26 
November,  1984)  the  daily  measured  electron  dose  In  Detector  1  can  be  higher  than  that  predicted 
by  the  NASA  models,  the  Detector  2  measured  values  have  not  been  observed  to  be  as  Urge  as  the 
NASA  sM>del  values.  Us  conclude  that  the  NASA  modela  for  electrons  are  both  too  high  In  intensity 
and  too  hard  In  spectral  shape. 

Comparing  total  does  behind  the  thinnest  shielding  for  the  DHSP/P7  orbit  on  *  yearly  basts. 
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the  NASA  model*  give  values  that  are  too  high  by  somewhat  more  than  a  factor  of  3  for  tha  1984 
parted.  Tha  electron  contribution  to  the  total  du*e  l*  tha  major  source  of  the  discrepancy, 
beluw  wa  will  mora  clo**iy  examine  tha  highly  variable  electron  do*u  from  tha  l)MSP  data  set. 

In  ordar  to  quantify  tha  high  variability  In  oui«r  zone  alactron  fluxes  we  constructed  a 
daily  averaged  flux  count  rata  using  tha  region  in  space  wh«r*  tlw  max  imam  fluxes  occur,  Figure 
5  illustrates  that  ttie  maximum  occur*  in  the  aoutharn  hemisphere  in  a  rectangle  centered  n«ar 
-55°  gaomagnatlc  latitude  and  5  geomagnetic  longitude.  Tlw*  rag  ion  lta*  tar  unough  below  the 
SAA  to  avoid  contamination  of  tha  flux  and  duxa  measurement*  from  proton*.  All  flux  cuunt  rata* 
which  fall  in  this  ractangular  region  war a  avaragad  for  ona  day  intarval*  to  show  tint  variability 
uf  tha  outar  xouax.  In  Figure  b  tin*  avaragu  flux  count  rata  tor  election*  with  cnargy  >2 . 5  haV 
i*  plot Lad  a*  a  function  of  day  number  for  1984,  tha  f Irxt  full  yaar  of  tha  doalmatar  oparation. 
Tha  day  numbar*  ara  marked  off  in  27-day  volar  rotation  unit*.  TIm  avaraga  count-rates  vary  ovar 
■ora  ttian  two  order*  of  magnitude,  and  high  I  iuxaa  Can  parvivt  for  many  day*  on  end.  Tha  '2 7 -day 
racurranca  of  outer  tuna  electron  enhancement*  ix  particularly  evident  in  tha  three  large* t 
event*  in  the  lent  quarter  of  the  year. 


Pin.  6.  Daily  average  count-rataa  for 
tha  >2.3  HeV  outer  tuna  electron*  plotted 
a*  a  1  unction  of  day  number  for  1984. 


OUTER  ZONE  ELECTRONS  »2  5  MEV 


rv.  ST Ait  COUNT  HKASUttWKNTS  AND  HAPS 


To  perform  meaningful  statistical  analyse#  of  tha  star  count  (VHUTT)  particles,  tha  data 
must  be  separated  into  appropriate  region*  of  space,  for  this  study,  tint  data  are  summed  over 
ail  longitudes  in  broad  latitudinal  ranges  deslgneted  as  ttie  North  Pole  (HP)  from  40°  N  to  90u  V, 
Middle  Latitude  (ML)  from  l $a  N  to  40°  N,  South  Atlantic  Anomaly  (SAA)  from  55u  S  to  13w  H  end 
South  Pole  (SP)  from  >5*  S  to  ¥0°  S. 

figure  7  show*  the  average  dally  star  count  rates  for  dosimeter  detectors  1  and  2  for  1984 
plotted  versus  day  of  the  yaar  in  each  of  tha  4  latitudinal  bins.  Similarly  Figure  8  shows  tha 
count  rates  for  detectors  3  and  4.  Tha  sharp  peeks  In  the  polar  cap  regions  are  due  to  solar 
particle  event*.  Only  3  solar  particle  events  of  any  magnituda  occurred  in  1984.  Tha  flare 
events  seen  in  the  polar  regions  do  nut  penetrate  into  the  mid- latitude  or  SAA  regions.  Aside 
from  these  peaks,  the  data  are  extr«usely  stable  over  the  year  end  continom  to  be  stable  through 
1985  and  1980  where  we  also  have  plotted  the  date  (not  shown).  The  1984  through  1980  data  were 
all  collected  during  solar  minimum  conditions. 


Fla.  7.  1984  daily  average  star  channel 

counts  for  detectors  l  and  Z. 


IV«4  DAIll  AtfftACE  SIAM  COVNt  RAltS 
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Fljt-  8,  1984  dally  average  star  channel 

counts  (or  detectors  3  and  4. 


Figures  9  and  10  show  the  occurrence  frequency  of  star  counts  In  nap  fonut  for  detectors  2 
and  3  of  the  dosimeter  respectively.  (Haps  for  detectors  2  and  4  and  additional  information  on 
the  star  counts  are  provided  In  Mullen  at  al.*)  Shown  In  gray  scale  are  the  average  star  count 
rates  ( count s/o)  for  the  period  from  Hovember  1984  through  October  1985.  The  average  has  been 
calculated  for  each  one  degree  geographic  latitude  and  longitude  box.  The  gray  scale  extends 
from  10* J  counts  per  second  to  greeter  then  .05  counts  per  second  In  logarithmic  Intervals.  The 
gray  scale  code  Is  displayed  to  the  right  of  the  pictures.  Small  holes  (data  gaps)  In  the  maps 
occur  because  the  satellite  orbit  Is  synchronised  with  the  Earth's  rotation  resulting  In  Incom- 
pleta  covaraga  of  ell  lw  by  1°  bins.  The  maps  provide  Information  on  the  particle  populations 
producing  the  high  energy  deposits  which  will  he  discussed  below. 


The  general  features  pictured  In  both  Figures  9  and  10  may  be  eusmwrited  at  follows:  e.) 
highest  count  rates  occur  in  the  region  of  the  South  Atlantic  Anomaly  where  the  Inner  radiation 
belt  particles  extend  down  to  DMSP  altitudes:  b. )  next  highest  count  rates  occur  In  the  polar 
regions  where  eolar  protons  and  heavy  lone  have  direct  access  along  magnetic  field  lines  down  to 
tower  altitude*:  end  c.)  scattered  count  rates  occur  at  all  locations.  This  means  that  the 
highest  LET  particles  might  be  espected  any  piece  In  an  840  km  orbit  but  the  highest  probability 
la  In  the  region  of  the  SAA,  where  it. Is  proton  dominated. 

information  on  the  character  let  let  of  the  perttclee  producing  the  counts  can  be  obtained  by 
statistically  examining  Individual  counts  and  count  ratee  and  the  ratios  of  counts  in  the 
different  detectors.  To  avoid  mlslng  regions  having  different  characteristics,  ill  the  statis¬ 
tic#  were  done  in  the  4  latitude  bine  discussed  above.  Table  4  gives  the  total  VHLET  counts  and 
average  yearly  count  rates.  Approximately  312  equivalent  full  days  of  data  betwaan  November  1984 
end  October  1915  were  used  to  calculate  the  yearly  averages.  During  this  period,  no  solar  proton 
events  were  seen  In  the  date.  Table  5  gives  the  yesrjy  average  fount  rate  reties  for  these  * 
rag  tens  for  each  detector. 


/ 
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TABLK  4 

TOTAL  STAR  COUNTS  AND  COUNT  RATES 
TOTAL  COUNTS 


LATITUDE 

BIN 

PET  1 

DPT  2 

PET  3 

PET  4 

NP 

\  164 

19813 

8408 

17884 

ML 

121 

2100 

893 

2015 

SAA 

5889 

335641 

10714 

201530 

SP 

897 

15329 

6615 

1  3979 

COUNT  RATES 

(COUNTS/SEC) 

LATITUDE 

BIN 

PET  1 

DPT  2 

PET  1 

PET  4 

NP 

1.5E-04 

2. 68-03 

1. IE-01 

2.3E-03 

HL 

3. IE-05 

5.38-04 

2.3E-04 

5.1E-04 

SAA 

5.3E-04 

3. 08-02 

9.68-04 

1 . 88-02 

SP 

1. 78-04 

2.8E-03 

1 . 28*03 

2.68-03 

TABU  5 

DETECTOR  STAR  COUNT  RATE  RATIOS  IN  LATITUDE  BINS 
DETECTOR  RATIOS 


LATITUDE  BIN 

m 

111 

111 

NP 

7.22 

17.0 

1.81 

HL 

7.38 

17.4 

1  .04 

SAA 

1.82 

57.0 

1.67 

SP 

7.37 

17.  J 

1.10 

Aa  aantton«4  above,  «ur  counts  esn  be  produced  directly  by  proton  energy  deposition, 
directly  by  cosmic  rays,  and/or  Indirectly  by  nuclear  star  events  in  or  near  the  detectors.  In 
order  for  the  protons  to  directly  produce  a  pulse  in  Che  detector,  they  must  have  sufficient  path 
length  in  the  detector  and  sufficient  energy  to  deposit  energy  above  the  threshold  level  (»*0  HeV 
or  *75  HeV  depending  on  the  Jeteclor).  Because  the  detectors  are  planer,  tltey  have  smell  lateral 
dlmensl'ns  such  that  Hare  is  only  a  very  narrow  angular  and  energy  range  of  particles  that  can 
produce  pulses  by  direct.  deposition.  In  datactors  I  and  3  no  pulsse  can  be  produced  by  direct 
proton  energy  deposit  since  die  total  path  length  Is  too  short  for  any  energy  proton  to  produce  a 
pulsa  of  the  required  sire  to  be  counted.  In  deieciors  2  and  4,  only  protons  incident  between 
approx  lest a ly  87. 5*  and  90*  with  asternal  energies  between  approximately  55  HeV  end  58  HeV  tor 
detector  2  and  between  approximately  85  HeV  and  88  HeV  for  detector  4  can  produce  pulses  of  the 
required  magnitude  to  be  counted.  Protons  below  these  energies  do  not  tieve  sufficient  energy  to 
produce  VHLET  size  pulses,  end  protons  above  tiiese  energies  will  pass  through  Cite  detectors 
witliuut  depositing  sufficient  energy.  Particles  at  0*  incidence  must  have  e  mass  of  oxygen  or 
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greeter  to  product  a  VhLET  pula*.  Part  1c l«s  with  mihi  last  than  osygen  (such  a«  helium)  must 
be  Incident  at  an  angl*  ltaa  than  tha  normal  to  producs  a  pulaa.  Tha  differences  In  tha  shield¬ 
ing,  dftactar  arna,  and  response  character  tat  lea  of  tha  4  detectors  till  be  used  to  gain  insight 
Into  tha  properties  of  tha  particles  creating  tha  pulses. 

Since  detectors  1  and  3  do  not  Measure  any  counts  dua  to  direct  energy  deposition  by 
protons,  the  counts  in  these  two  detectors  are  produced  only  by  nuclear  star  svsnts  and  direct 
cosmic  ray  events  with  appropriate  susses  and  incident  angles.  Star  counts  in  the  Middle 
Latitude  (HU)  region  are  almost  entirely  due  to  eatremely  high  energy  cosmic  rays  since  the 
geomagnetic  cutoff  of  the  Earth's  magnetic  field  prohibits  normal  solar  protons  from  directly 
entering  Into  this  region  of  space.  We  also  know  that  the  star  counts  in  the  South  Atlantic 
Anomaly  (SAA)  region  ere  due  alsmst  entirely  to  protons  from  the  Inner  belt  trapped  particle 
population.  In  Table  5  the  ratios  of  star  counts  of  channels  3  to  1 ,  2  to  1  and  2  to  4  are 
listed.  Ay  comparing  ratios  from  the  polar  regions  (NP  and  SP)  to  the  ML  and  SAA  ratios,  It  is 
evident  that  the  polar  region  ratios  are  the  same  as  (within  statistical  error)  those  of  the 
middle  latitude  region.  We  conclude  that  since  the  ratios  are  the  same,  the  counts  are  produced 
by  the  *am*  type  of  particles,  namely  cosmic  rays.  This  is  not  unexpected  since  high  energy 
cosmic  rays  have  their  mpst  direct  access  Into  the  near-Earth  environment  down  the  open  magnetic 
field  lines  in  the  poler  regions. 

If  we  assume  that  the  numbers  of  high  clergy  deposits  produced  by  particles  of  the  same 
energy  is  directly  proportional  to  the  area  of  the  detectors,  we  can  use  the  re*  to  of  star  counts 
from  detectors  l  (40  MeV  threshold)  to  those  from  detector  3  (75  MeV  threshold)  to  get  a  first 
order  feel  for  the  relative  upset  susrept ibl 1 1 1 y  In  space  for  materials  (tissue*)  thet  might  hsvs 
different  sensitivity  thresholds.  The  rstio  of  the  sres  of  detector  l  to  detector  3  Is  19.6. 

The  3/1  channel  ratio  for  the  poles  la  >>7.J  and  for  the  SAA  is  1.82.  This  indicates  that  the 
relative  upset  susceptibility  of  suterialt  with  a  40  MeV  threshold  to  materials  with  a  75  MeV 
threshold  Is  epproi imately  3  times  as  greet  in  s  cosmic  ray  environment  and  11  times  as  great  In 
the  South  Atlantic  Anomaly  if  the  materials  are  proton  sensitive. 

We  can  separate  nuclear  stars  from  direct  deposits  In  detector  2  by  comparing  the  date  from 
detectors  I  and  2.  We  gnaw  that  detector  1  responds  only  to  nuclear  stars  and  detector  2 
responds  to  both  nuclear  stars  and  direct  proton  deposition  in  the  region  of  the  SAA.  The  number 

of  nucleer  sters  (statistically  speaking)  In  detector  2  should  differ  from  those  In  detector  1 

primarily  by  the  relative  defector  area  factor  of  M9.6.  The  shielding  difference  between  the 
r wo  detectors  however,  reduces  this  factor  sosmwhat.  From  Table  5  It  can  be  seen  that  factor  Is 
M  7 , 4  for  the  cosmic  ray  dominated  middle  latitude  region.  For  the  proton  dominated  SAA  region, 

the  factor  could  be  more  or  less  than  the  l 7.4  depending  on  the  shape  of  the  proton  spectrum,  but 

could  nut  be  significantly  different.  Subtracting  the  estimate  of  the  detector  2  nuclear  stars 
(determined  by  multiplying  detector  I  by  17.4)  from  the  total  detector  2  counts  in  Table  4  shows 
that  for  the  SAA  region  the  direct  deposit  protons  In  der actor  2  are,  on  the  average,  approxl- 
sMtely  a  factor  nt  2  greater  than  the  nucleer  star  counts. 

Since  detectors  2  and  4  differ  only  in  their  shielding  thickness,  their  areas  and  detsetor 
thresholds  being  the  seme,  shielding  effectiveness  can  be  estimated  by  examining  the  counts  ratio 
uf  ih»*«  two  detectors.  |n  the  mid-lalllude  and  polar  regions  whers  the  htgher  energy  cosmic 
rsys  dominate,  the  shielding  effectiveness  Is  only  10?  or  less.  In  the  SAA  where  the  protons 
dominate,  the  shielding  effectiveness  Is  much  greater  because  the  energetic  proton  spectrum  is 
•niter.  Fven  In  the  SAA  region,  there  are  major  differences  In  the  hardness  of  the  spectra  as  s 
function  of  position.  Figure  11  shoes  the  ratio  of  average  star  count  rates  for  detector  2  to 
detector  4  for  the  period  1 rom  November  1984  through  October  1985  in  one  degree  geographic 
latitude  and  longitude  boset.  The  ratios  are  gray  scale  coded  to  indicate  ranges  from  1  to  »  In 
logarithmic  type  Intervals.  The  gray  scale  code  Is  displayed  to  the  right  of  the  figure.  The 


Fie.  II.  Cray  scale  plot  of  star  count 
ratios  of  detector  2  to  detector  4. 
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gradual  shift  in  the  ratio  Across  the  South  Atlantic  Anomaly  region  is  due  to  the  magnetic  field 
strength  (L-Shell)  variation.  Higher  energy  particle*  are  able  to  diffuse  further  inward  serosa 
magnetic  field  lines ,  thus  reaching  lower  L  values  end  producing  s  herder  spectrum  *t  tl te  lower  L 
values • 

V.  THU  SOLA*  FAHT1CUI  gVttfTS  Of  16  WUUlUAirf  AMD  76-29  AMil!..  19*4 

The  two  largest  solar  particle  events  during  1944  occurred  in  February  and  April.  Figures 
12a  and  12b  are  survey  plots  of  the  UH6F  i lus  count  data  tor  protona  >76  HeV  (the  hlgheet  energy 
Channel)  .  the  peak  days  of  the  too  event st  lb  February  and  2b  April,  respectively.  They  are  In 
Dm  s«jm  turner  as  Figure  2.  in  each  plot,  three  typea  ot  counts  can  be  identified;  background 
counts*  the  systematically  occurring  SAA  f lus  counts  that  stood  alone  in  Figure  2;  and  the  large 
flux  levels  across  each  uf  the  polar  regions.  The  latter  ere  solar  protons  end  heavy  Ions  which 
have  direct  access  to  low  latitudes  in  the  polar  regions.  On  10  February  there  Is  a  sudden  unset 
of  solar  particles  in  Lite  caps  at  “^09  UT.  The  I  luxes  tail  by  an  order  ot  magnitude  within  4 
hours,  after  which  there  is  a  steady  exponential  decay  of  tlie  particles  that  continues  into  the 
L  7th.  At  tike  beginning  of  2b  April  the  high  energy  precipitation  into  Lite  polar  caps  was  already 
In  progress.  This  event  had  a  much  slower  buildup  aiul  decay.  The  widths  of  the  i  lux  peaks  in 
Lite  polar  regions  show  that  during  solar  proton  events  significant  dose  can  be  received  at  polar 
orbiting  vehicles.  fcven  in  these  survey  plots  tine  can  discern  significant  spatial  and/or 
temporal  variations  in  the  cap  t luxes.  They  are  particularly  large  at  the  beginning  of  the  16 
February  event. 


Fin.  12a-  Dally  plot  of  one-minute- 
avuragud  flux  count  rate  for  protons  with 
energy  greeter  than  76  HeV  on  lb  Febru* 
ary,  1964. 


Fig.  12b.  Daily  plot  of  one  minute 
averaged  flux  count  rate  fur  protons  with 
energy  greeter  then  76  HeV  on  26  April, 
1964. 


To  show  the  kind  of  variability  that  exists  across  the  polar  cap  during  soUr  events,  the 
paths  of  two  polar  crossings  on  Lb  February  ere  shown  in  Figure  13.  Hera  tlia  satellite  track  is 
plotted  In  corrected  geomagnetic  latitude  (HLAT) -magnet ic  local  time  (KLT)  coordinates.  The 
length  of  the  black  lines  vertical  to  the  track  represents  the  count  rate  in  the  lowest  energy 
proton  channel  (>2Q  HeV).  These  plots  show  e)  the  low  latitude  cutoffs  (<60*  HLAT)  of  the  solar 
particles;  b)  chat  Che  particles  fill  both  the  regions  normally  occupied  by  the  ouLer  zone 
electrons  end  the  polar  cap,  c)  that  relatively  deep  troughs  occur  In  Lite  flux  levels  which  are 
Located  differently  in  the  northern  end  southern  hemispheres,  but  are  near  the  magnet Osphur Ic 
cusp.  Because  the  variations  in  elactron  and  proton  fluxes  (not  shown)  era  so  similar  in  the  16 
February  event.  It  Is  very  likely  the  case  that  tlia  "electron"  count  rates  contain  a  eignif leant 
contribution  from  tlie  >100  HeV  urotous. 


Ski 


Kin.  13.  Polar  plot*  of  the  >20  MeV 
proton*  during  the  peak  of  the  16 
February  event.  The  coordinate*  are 
corrected  geomagnetic  latitude  and 
geomagnetic  local  tine. 


Since  the  shape  of  the  spectre  are  very  important  In  assessing  damage  during  solar  events, 
the  protort  flux  counts  are  used  to  find  an  average  power  lew  spectrum  for  protons  for  each  flare. 
For  the  16  February  data,  at  the  peek  of  the  proton  flux  the  optimal  spectral  fit  for  the  count* 
averaged  across  the  polar  cep  1st 

16  February  (peak)t  J(E)  •  86(+2)  x  (20/E)**®  p/c«2-s-MeV, 

where  E  is  in  MeV.  Under  the  assumption  of  complete  particle  isotropy  in  the  upward  hemisphere 
at  UMSP  altitudes  and  integrating  from  10  HeV  to  Infinity,  the  directional  Integral  flux  from  the 
equation  above  Is  298  p/cmz-s-sr.  The  average  spectrum  (or  17  February,  using  the  cap  data  for 
the  entire  day  lai 

17  Fubriuryi  )(E)  -  0.85  (+0.05)  i  (20/E)2'2  p/c«2-.-N«V. 

Because  the  solar  event  in  April  la  so  slowly  varying  we  Hat  the  spectra  determined  by  averaging 
the  cap  data  for  each  day  from  25  -  28  April.  They  arei 

24  April*  Background  levels 

25  April*  J(P.)  -  5.6  (+0.4)  x  (20/F)  »*°  p/cm2-*-HeV 

26  Apr  111  J(F.)  •  116  (+6.0)  i  (20/E)3'8  p/c«2-.-M.V 

27  April i  J(E)  -  6.8  (+0.4)  *  (20/E)4-3  p/c«2-»-M.V 

28  Aprllt  J(E)  -  18.  (+2.0)  >  (20/E)4-0  p/c»2-.-M.V 

The  de  -Lion  listed  In  parenthesis  la  the  uncertainty  in  the  fitting  procedure  and  does  not 
Include  the  instrument ' s  Inherent  uncertainties.  From  the  power  law  fits  to  the  flux  counts  wa 
draw  the  following  cone lus ions*  a)  Throughout  the  February  event  the  apectra  ware  much  harder 
(Han  any  of  those  occurring  (n  the  April  event,  b)  The  February  event  softened  In  time,  c)  The 
April  event  softened  over  the  first  three  days,  then  Increased  in  Intensity  and  became  slightly 
harder. 

Figures  Me  and  14b  are  the  depth*do*e  epectra  for  alngle  polar  cap  crossings  during  the 
peaks  of  the  two  events.  The  tlste  Intervals  ware  approximately  the  same  for  the  crossings  (21.3 
min  on  16  February,  and  19.2  min  on  26  April).  In  each  plot,  the  electron  dose,  the  proton  dose, 
and  their  sum  are  plotted  separately  for  each  of  the  four  domes  as  a  function  of  aluminum 
shielding  thickness  (in  mass  per  unit  area). 

We  compare  these  to  the  depth'dose  spectrum  for  the  SAA  crossing  (Figure  3)  which  took  23 
min.  The  dapth-dose  spectrum  for  the  peak  flux  on  16  February,  Flgura  14a,  shows  that  the  total 
doaa  behind  tho  minimum  shielding  la  0.2  r«d(Si),  or  soaiewhat  lass  than  in  tho  SAA.  The  dose 
source  la  mainly  protons,  tho  electron  contribution  being  loss  then  2SX  of  the  total.  The 
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EH,  Ui.  Dapth-dose  spectrum  for  a 
DHSP/F?  crossing  of  the  north  polar  cap 
at  the  p«ak  of  the  solar  particle  avant 
on  Lb  Fabruary,  1984. 


Fig.  I4b.  Dapth-doaa  spectrum  for  a 
DHSP/F7  crossing  of  tha  north  polsr  cap 
at  tha  paak  of  tha  solar  partlcla  avant 
on  26  April,  1984. 


Mil  law  vt 


spectrum  is  falling  slowly  with  increased  shielding,  but  faatar  than  In  tha  SAA  Indicating  a 
aoftar  (lass  snargotlc)  partlcla  population.  Shlsldlng  la  still  affactlva  at  $.91  gm/cm*,  whsra 
tha  total  dosa  is  raducad  to  0.03  rad(Sl).  Slnca  this  avant  dacaya  quickly,  tha  maxi mm  doss 
bahlnd  tha  minimum  shlsldlng  is  lass  than  2  rad(Si)  ovar  a  psriod  of  Isas  than  ons  day. 

Tha  depth-doee  spectrum  across  tha  northern  polar  cap  for  tha  paak  of  tha  solar  partlcla 
avant  on  2b  April  is  shown  in  Flgura  14b.  Nora  than  132  of  tha  total  doss  coaea  fro*  protons. 

Tha  spectrua  is  considerably  softer  than  that  in  tha  SAA  or  at  tha  peak  of  tha  16  February 
event.  It  Is.  however,  such  sore  lntansa  at  low  shielding  values.  For  .33  g*/ca2  aluminum 
shielding,  1.2  rad(Sl)  era  received.  This  falls  by  two  orders  of  magnitude  to  0.012  rad(Sl)  at 
maximum  shielding  (3.91  Sb/cb2)  where  tha  doss  Is  approximately  an  order  of  magnitude  less  than 
encountered  in  tha  SAA  or  in  the  lb  Fabruary  avant.  Shlaldlng  raaalna  affactlva  throughout  tha 
spactruB.  Tha  doaa  par  polar  croaalng  remained  high  for  several  days,  snd  in  tha  ftrot  thras 
days  tha  total  dosa  exceeded  23  rad(Si)  for  .33  ga/ca 2  of  aluminum  shielding.  Thla  is  mors  than 
four  times  tha  doaa  racai vad  in  tha  aaaa  tlas  psriod  and  bahlnd  tha  same  shlsldlng  from  tha  SAA. 

Tha  dosimeter  star  data  can  also  ba  used  to  study  solar  proton  avanta.  Her a  wa  examine  tha 
entire  periods  of  tha  fabruary  and  April  1984  solar  partlcla  events  seen  in  Figures  1  snd  2.  Tha 
peaks  of  tha  events  ware  on  16  Fabruary  1914  and  26  April  1914.  Since  tha  events  are  only  seen 
in  tha  polar  rag Iona,  only  tha  polar  region  data  is  used.  Tha  two  polar  cap  regions  were  added 
together  to  gat  batter  statistics  for  the  event  days.  Tsbls  11  glvss  tha  dally  average  of  star 
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channel  count  rates  for  the  4  detector*  In  counts  par  second  tines  10* 4  for  the  periods  15-17 
February  1984  and  24-30  April  1984.  Also  given  are  the  1985  average  count  rates  for  comparison 
as  a  normal  background  level  and  the  differences  from  the  1985  averages  for  the  days  of  interest. 
The  count  rates  were  determined  only  from  the  polar  regional  between  40*  and  90*  North  Latitude 
and  55*  and  90*  South  Latitude.  Data  aquatorward  of  55*  South  Latitude  were  excluded  from  the 
table  to  prevent  contamination  from  the  SAA.  It  Is  obvious  that  during  the  events  the  number  of 
energetic  particle*  thet  can  produca  40  HaV  pulses  (detectors  1,  2,  and  4)  can  go  up  signifi¬ 
cantly  from  factors  of  approximately  2  to  50  depending  on  shielding  thickness.  It  la  also 
evldant  that  with  a  shielding  equlvelent  of  3  gm/ci*2  (detector  3),  there  la  leas  then  a  factor  of 
2  Increase  In  particles  that  can  produca  a  75  HaV  pulae.  Subtracting  tha  1985  avaraga  from  the 
star  countn  on  the  flere  days  gives  the  flere  produced  numbers  shown  in  the  bottom  of  Table  11. 
Comparing  these  beck  to  the  1985  averages  shows  that  in  no  cases  did  the  flares  produca  swre 
pulses  In  detector  3  than  the  averages,  and  only  at  the  peek  of  the  events  were  there  more 
particles  seen  In  detector  4.  This  says  that  neither  particle  event  had  a  spectral  hardness  at 
the  highest  energies  greater  than  tha  natural  cosmic  ray  background.  Tha  softness  of  the  event 
spectra  probably  accounts  for  the  fact  that  unusually  high  upsets  have  not  been  eean  on  satel¬ 
lites  during  flare  periods  to  date. 


Table  11  Star  Count  Rates 
Count  Rates  (counts/sec  x  10'*) 


1985  Feb  84  Apr  84 


DETECTOR 

Ave. 

15 

16 

17 

24 

25 

26 

27 

28 

_ 12. 

30 

l 

1.6 

0.6 

12.0 

l.B 

1.3 

9.6 

83.0 

26.0 

9.6 

7.9 

2.2 

2 

27.0 

28.0 

wo. a 

38.0 

27.0 

87 .0 

500.0 

190.0 

91.0 

38.0 

27.0 

3 

11.0 

12.0 

14.0 

8.8 

12.0 

9.6 

18.0 

12.0 

8.5 

7.1 

10.0 

4 

24.0 

22.0 

53.0 

26.0 

20.0 

25.0 

62.0 

29.0 

22.0 

18.0 

19.0 

Flare  Produced  Differences  from  1985  Averages 


1 

10.4 

0.2 

8.0 

81.4 

24.4 

8.0 

6.3  0.6 

2 

1.0  143.0 

11.0 

--  60.0 

473.0 

163.0 

64.0 

11.0  — 

3 

1.0  3.0 

-  - 

1.0  — 

7.0 

1.0 

-- 

- 

4 

29.0 

2.0 

1.0 

38.0 

5.0 

-- 

- 

VI.  DISCUSS IOW  AND  CONCLUSIONS 


The  dosimeter  on  the  DMSP/F7  satellite  haa  been  shown  to  be  e  very  versatile  instrusiant 
which  can  measure  energetic  particles  of  different  typee  over  a  wide  dynamic  range.  It  can 
measure  the  dose  effects  of  electrons  and  protons  separately,  and  gives  accurate  measurements 
over  short  t l me  periods.  The  doslawter  also  can  distinguish  those  very  high  LET  particles  thet 
can  produce  SEU  type  behavior  In  sensitive  materials. 

From  the  data  we  see  that  dose  accuamlatad  in  the  SAA  le  extremely  stable,  showing  no 
measurable  variation  from  day  to  day.  The  SAA  contributes  2  rad(Sl)/day  behind  .55  g/c*2 
aluminum  shielding.  Approximately  60X  of  the  total  la  dose  from  protons  with  energy  less  then 
100-200  HeV,  end  the  reisaintng  40X  Is  LOLET  dose,  from  electrons,  high  energy  protons  (>100-200 
HeV)  and  brsmsst rah lung.  The  depth-dose  spectrum  for  the  SAA  la  very  hard,  felling  only  by  60X 
for  shielding  thicknesses  between  .55  and  5.91  gm/cm2.  For  non-aolar  particle  event  periods,  the 
SAA  provides  soat  of  the  proton  dose  at  DMSP  altitudes.  The  NASA  solar  minimum  proton  model  for 
DMSP  altitudes  predicts  a  proton  dose  which  le  within  statist leal  error  of  the  does  measured  on 
DMSP. 

The  dose  from  the  outer  cone  electrons  provides  the  remainder  of  the  dally  dose  when  there 
are  no  solar  particles  from  solar  proton  avents.  The  dose  per  day  from  the  outer  tone  electrons 
is  highly  verteble  and  large,  from  1  to  awre  then  10  rad(Sl)/day  for  .55  gm/cm2  aluminum.  The 
average  electron  dose  rate  determined  from  the  DMSP  dose  rets  model  for  tha  year  1984-85  is  2.5 
rad(Sl)/day.  This  is  four  tlmaa  less  than  that  pradicted  by  the  NASA  models  for  solar  minimum 
from  electrons  alone.  The  electron  depth-dose  spectrum  La  very  soft,  felling  to  e  near-constant 
bremaetrahlung  level  by  3.05  gm/cm2  aluminum. 

Dnae  affects  from  tha  two  largest  solar  particle  events  in  1984  were  measured.  The  event 
that  occurred  on  18  February.  1984.  lasted  leas  then  «  day.  had  e  reasonably  hard  spectrum,  and 
lad  to  an  accumulated  dose  of  leas  than  2  rad(Sl)  behind  .55  gm/cm2  aluminum,  which  ta  about  the 
seats  as  the  SAA-accuseilated  dose  for  one  day.  The  event  that  occurred  on  25-29  April,  1984,  had 
a  very  soft  spectrum  compared  to  the  SAA  and  the  16  February  spectre.  The  accumulated  dose, 
however,  for  a  three-day  period  was  larger  then  that  for  the  SAA  behind  .55  gm/cm2  of  shielding 
(25  red  as  coopered  to  6  rad),  these  levels  could  prove  harmful  for  an  astronaut  performing  EVA 
during  this  period. 

For  short  flights  in  polar  orbit,  our  results  show  that  a  three-day  mission  st  high  inclina¬ 
tion  and  at  840  km  altitude  during  moderately  large  solar  particle  events  could  lead  to  a  doae 
deposition  of  30  rsd(Si)  or  more  behind  minimal  epececreft  akin  thicknesses  which  approximate  .5 
gm/cm2  aluminum.  This  level  may  be  sufficient  to  daauga  the  ocular  nerve  unless  shielded  (H.A. 
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private  coenunlcation,  1984).  For  Manned  apace  flights  in  the  polar  regions,  care  must  be 
taken  In  planning  and  carrying  out  actlvltiea  where  Minimally  ahlelded  aatronaute  could  be 
exposed  to  dangeroua  radiation  level#. 

For  the  highest  LET  particle#*  the  probability  of  aeeing  effect#  in  proton  aeneitlve 
Materials  ia  greatest  in  the  region  of  the  SM.  For  Materials  not  proton  sensitive,  the  highest 
probability  la  in  the  polar  regions.  Coune*  observed  outside  the  polar  cap  and  SAA  regions  are 
alMoat  entirely  due  to  higher  energy  cosmic  rays  that  penetrate  beyond  the  auignetlc  cutoff 
region.  Although  these  particles  are  atatist icelly  small,  tlisy  can  appear  anywhere  in  an  840  ia 
orbit. 

In  conclusion*  accurate*  short-term  models  of  doae  rste  sre  needed  for  future  epece  missions 
that  are  manned  ior  long  periods  of  time*  or  tiwit  rely  on  new  microelectronic  teciuwlugies .  The 
NASA  models  projected  to  low  altitude  give  orbital  doae  values  which  are  too  high  by  e  factor  of 
four  during  solar  minimum.  The  UrtSP  proton  end  electron  models*  conatcucCtd  for  solar  minimum 
conditions,  show  that  the  discrepancy  la  due  to  an  overestimate  of  the  electron  doae.  The 
conservative  NAbA  model  predictions  can  impose  more  stringent  shielding  conditions  than  are 
necessery.  Models  of  dose  in  the  polar  regions  during  solar  proton  events  do  not  exist  because 
of  v*«a  high  temporal  and  hardness  variability  of  the  particle  fluxes.  Nevertheless*  significant 
dose  levels  can  be  accumulated  during  these  events  and  must  be  taken  into  account  In  orbital 
planning.  This  can  moat  likely  be  done  on  a  "worst  esse"  and  probeblllty  of  occurrence  bests. 

It  should  be  remembered  that  for  satellites  In  near-Earth  orbit*  the  llfetlma  totel  dose  is 
Mostly  accumulated  in  short  bursts  and  not  at  a  steady  constant  rata.  This  leaves  much  of  a 
satellite  system's  time  in  s  relatively  benign  environment  during  which  many  of  the  dose  effects 
can  anneal  out  of  certain  sensitive  materials. 
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